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The antimicrobial activity and the MIC values of the diethyl ether, acetone, chloroform,
petroleum ether, and ethanol extracts of the lichen Hypogymnia tubulosa and its 3-hydroxy-
physodic acid constituent have been investigated against some microorganisms. At least one
of the extracts or 3-hydroxyphysodic acid showed antimicrobial activity against Aeromonas
hydrophila, Bacillus cereus, Bacillus subtilis, Escherichia coli, Klebsiella pneumoniae, Listeria
monocytogenes, Proteus vulgaris, Salmonella typhimurium, Staphylococcus aureus, Streptococ-
cus faecalis, and Candida albicans. No antifungal activity of the extracts has been observed

against ten filamentous fungi.
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Introduction

Although about 8% of the terrestrial ecosys-
tems consist of lichens and more than 20000 lichen
species are distributed throughout the world, their
biological activities and biological active com-
pounds remain unexplored in great extent (Toma
et al., 2001). Lichens produce a wide range of
unique secondary metabolites and remarkable
biological activities of some have attracted the in-
terest of many researchers. A limited number of
investigations have proved that some lichens and
lichen compounds show antibacterial, antifungal,
antiproliferative, antiviral, anti-inflammatory, anti-
protozoal, analgesic, antipyretic, and anti-tumour
activities. Lists of the antibacterial and antifungal
activities of lichen compounds and lichens against
bacteria and fungi can be found in a review and a
book (Huneck, 1999, 2001).

This paper presents the results of antibacterial
activity tests of five extracts of the lichen Hypo-
gymnia tubulosa and its 3-hydroxyphysodic acid
constituent (Fig. 1). To the best of our knowledge
no information about the antibacterial activities of
the lichen Hypogymnia tubulosa and 3-hydroxy-
physodic acid is available for the last decade
from literature.

Experimental
Microorganisms

Staphylococcus aureus (ATCC 6538), Escheri-
chia coli (ATCC 25922), Pseudomonas aeruginosa
(ATCC 27853), Aspergillus niger sp. (ATCC 9807),
and Fusarium solani (ATCC 12820) (from Ameri-
can Type Culture Collection, USA), Proteus
vulgaris (NRRL B-123), Bacillus cereus (NRRL
B-3711), Bacillus subtilis (NRRL B-744), Strepto-
coccus faecalis (NRRL B-14617), and Geotricum
condidum (NRRL Y-552) (from Northern Re-
gional Research Laboratory of the USDA, Peoria,
Illinois, USA), Listeria monocytogenes (from An-
kara University, Faculty of Agriculture, Ankara,
Turkey), Yersinia enterocolitica and Aeromonas
hydrophila (from Ankara University, Faculty of
Veterinary, Ankara, Turkey), Pseudomonas sy-
ringae pv. tomato (TPPB 4212), Fusarium mo-
niliforme, Fusarium oxyporum, and Fusarium
culmorum (from Agriculture Research Center,
Eskisehir, Turkey), Candida albicans, Candida gla-
brata, Mucor, and Aspergillus fumigatus (from Os-
mangazi University, Faculty of Medicine, Eski-
sehir, Turkey), Penicillum parasiticus (from Trakya
University, Department of Biology, Edirne, Tur-
key), Klebsiella pneumoniae, Cladosporium sp.,
and Salmonella typhimurium (available in our de-
partment) were used as microorganisms. Bacteria
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and yeasts were kept on nutrient agar and yeast
extract agar plates at 4 °C, respectively. Fungal test
cultures were subcultured on potato dextrose agar
(PDA) for 5-7 d at 25 °C.

Lichen material

Hypogymnia tubulosa (Schaer.) Havaas was col-
lected in Biylikyayla, Eskisehir Province, Turkey
at 1200 m on November 29, 2003. A voucher is
stored at the Herbarium of Anadolu University in
the Department of Biology (ANES).

Extraction

For extraction, 5 g air-dried and ground lichen
samples were added to 100 ml of diethyl ether, ac-
etone, petroleum ether, and ethanol. For chloro-
form extraction, a 10 g lichen sample and 150 ml
chloroform were used. The mixtures were first
sonicated for 30 min, then left at room temper-
ature overnight and filtered. The amounts of the
extract residues determined after removal of the
solvents of the filtrates with a rotary evaporator
were 60 mg for the ethanol extract, 26 mg for the
diethyl ether extract, 42 mg for the acetone ex-
tract, 6 mg for the petroleum ether extract, and
74 mg for the chloroform extract.

Determination of MIC values of the extracts

The Kirby and Bauer disk diffusion method
(National Committee for Clinical Laboratory
Standards, 1993) has been used to determine MIC
values of the extracts of the lichen Hypogymnia
tubulosa against test bacteria and fungi. Stock so-
lutions of the extract residues were prepared by
adding 100 ml of the solvents onto the residues
and then these stock solutions were sterilized by
membrane filtration using 0.45 um pore size filters.
From each sterilized solution, certain volumes in
1 ml aliquots were added to 10 sterilized tubes
containing 50 sterilized filter paper disks each. If
the volume of the stock solution to be added was
less than 1 ml, its volume was added up to 1 ml
with pure solvent before addition. After evapora-
tion of the solvent of the solutions in tubes, solvent
free disks with the extract residues were obtained.
The residue contents of these disks changed from
1.32 mg/disk to 2.5 ug/disk for the diethyl ether ex-
tract, from 2.12 mg/disk to 4.1 ug/disk for the ace-
tone extract, from 3.78 mg/disk to 7.3 ug/disk for
the chloroform extract, from 0.32 mg/disk to
0.63 ug/disk for the petroleum ether extract, and

from 3.06 mg/disk to 5.9 ug/disk for the ethanol
extract.

After inoculation of 250 ul (10 cells/ml or
spores/ml) solutions of the bacteria onto nutrient
agar and of the yeasts and filamentous fungi onto
potato dextrose agar, an array of the disks contain-
ing different amounts of the extract residue from
the same extract were transferred into inoculated
microorganism media to determine the MIC value
of the extract. Chloramphenicol and ketoconazole
were used as positive control substances. Pure
solvent treated and dried disks were used as nega-
tive control disks. The bacterial plates were incu-
bated for 24-48 h at 35-37°C and the fungal
plates were incubated for 5d at 20-25°C. The
MIC values were determined by checking the inhi-
bition zones formed and all MIC value determina-
tion experiments were done twice.

Isolation and characterization of
3-hydroxyphysodic acid

Having spotted some amount of the residue
from five extracts on four silica gel TLC plates
(Merck, Silica gel 60 F»sy4), they were developed in
solvent systems A, B, C, and G which are em-
ployed in the TLC of lichen substances (Orange
et al., 2001). The spots belonging to 3-hydroxyphy-
sodic acid on the developed plates were located
using the R; values of 3-hydroxyphysodic acid
given in the literature (Orange et al., 2001; Huneck
and Yoshimura, 1996). Furthermore Hypogymnia
tubulosa is used as a control lichen to test the pres-
ence of 3-hydroxyphysodic acid or its determina-
tion (Orange et al., 2001). Solvent system A, that
appeared to be a suitable solvent system, was used
to separate 3-hydroxyphysodic acid from other
constituents in the acetone extract of the lichen
using the preparative TLC technique. Besides the
R; values, further characterization of 3-hydroxy-
physodic acid was done checking its melting point
and comparing its IR spectrum with the ones given
in the literature (Huneck and Yoshimura, 1996).

Determination of MIC values of
3-hydroxyphysodic acid

A similar procedure to the one described above
for determination of MIC values of the extracts
was applied for determination of MIC values of
3-hydroxyphysodic acid against thirteen bacteria
and two yeasts. A stock solution of 50 mg of
3-hydroxyphysodic acid in 5 ml acetone was pre-
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pared and subsequently diluted two-fold with ace-
tone ten times. From these solutions, an array of
disks whose 3-hydroxyphysodic acid content var-
ied from 0.5 mg/disk to 0.97 ug/disk was prepared
and used for determination of MIC values of
3-hydroxyphysodic acid the same way as for deter-
mination of MIC values of the extracts.

Results and Discussion

We tested the antimicrobial activity and deter-
mined MIC values of the diethyl ether, petroleum
ether, ethanol, chloroform, and acetone extracts
of Hypogymnia tubulosa against thirteen bacteria,
two yeasts, and ten filamentous fungi as well as
those of 3-hydroxyphysodic acid (Fig. 1) against
the bacteria and yeasts. The Kirby and Bauer
method was used for determination of MIC values
of the extracts and 3-hydroxyphysodic acid. We
did not observe any antifungal activity of the ex-
tracts against all of the tested filamentous fungi
and thus we did not pursue to investigate the anti-
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Fig. 1. Chemical structure of 3-hydroxyphysodic acid.
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fungal activity of 3-hydroxyphysodic acid against
them. Furthermore no antimicrobial activity of
the extracts and 3-hydroxyphysodic acid against
P. aeruginosa, P. syringae, Y. enterocolitica, and
C. glabrata was observed, but at least one of the
extracts or 3-hydroxyphysodic acid showed activity
against the rest of the bacteria namely A. hydro-
phila, B. cereus, B. subtilis, E. coli, K. pneumoniae,
L. monocytogenes, P. vulgaris, S. typhimurium,
S. aureus, S. faecalis, and C. albicans (Table I).
From the points of the number of observed activ-
ity and low MIC values, the diethyl ether extract
of Hypogymnia tubulosa seemed to be the best
among the extracts for determination of antimi-
crobial activity. It showed activity against nine bac-
teria and gave MIC values as low as 5.1 ug/disk for
four of the bacteria (Table I). The petroleum ether
and ethanol extracts were active only against five
and four bacteria, respectively. These results may
be reasonable because of the variation in the
polarities of the solvents. A nonpolar petroleum
ether and highly polar ethanol may not extract an-
timicrobial active lichen substances of Hypogym-
nia tubulosa as efficiently as diethyl ether and
chloroform whose polarities are 4.3 and 4.8,
respectively. It is also worthwhile to mention that
the petroleum ether extract produced very low
MIC values, 1.25 ug/disk, for E. coli, S. typhimu-
rium, and S. faecalis.

The 3-hydroxyphysodic acid constituent of Hy-
pogymnia tubulosa showed activity against eight
bacteria and one yeast (Table I). Its MIC values

Table 1. MIC values of the extracts of Hypogymnia tubulosa and its 3-hydroxyphysodic acid constituent.

MIC (against 107 cells)

Microorganism Diethyl  Acetone?® Chloro- Petroleum  Ethanol® 3-Hydroxyphysodic acid
ether?® [ug] form? ether? [ug] [1eg/50 ul] [mm]
[ug] [ue] [ug]
Aeromonas hydrophila 660 -b - - - - -
Bacillus cereus 330 33.1 236 - 95.6 31.3 1.28
Bacillus subtilis - - - - - 62.5 2.57
Escherichia coli 20.6 530 29.5 1.25 - 15.6 0.64
Klebsiella pneumoniae 5.15 - - - - - -
Listeria monocytogenes 330 33.1 945 80.0 47.8 1.95 0.08
Proteus vulgaris 5.15 265 945 320 95.6 31.3 1.28
Staphylococcus aureus 165 66.3 118 - - 313 1.28
Streptococcus faecalis 5.15 132.5 945 1.25 95.6 1.95 0.08
Salmonella typhimurium 5.15 - 3780 1.25 - 1.95 0.08
Candida albicans - - - - - 1.95 0.08

2 The concentrations of the stock solutions were 2.60 mg/ml for the diethyl ether extract, 4.17 mg/ml for the acetone
extract, 7.41 mg/ml for the chloroform extract, 0.63 mg/ml for the petroleum ether extract, and 5.99 mg/ml for the

ethanol extract.
b _: Inactive.
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against L. monocytogenes, S. typhimurium, S. fae-
calis, and C. albicans were remarkably low and
determined as 1.95 ug/disk. To the best of our
knowledge, no information about the antimicro-
bial activity of 3-hydroxyphysodic acid is available
for the last decade in the literature. In our previ-
ous antimicrobial activity studies, we investigated
the antimicrobial activities of lichen compounds
(+)-usnic acid, (-)-usnic acid, norstictic acid, atra-
norin, protocetraric acid, and fumarprotocetraric
acid (Yilmaz et al., 2004; Tay et al., 2004). If we
compare the antimicrobial activity of 3-hydroxy-
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physodic acid to theirs, none of the above com-
pounds showed activity against E. coli and S. ty-
phimurium whereas 3-hydroxyphysodic acid did.

This study makes a contribution to the literature
and gives encouragement to pursue biologically
active compounds from lichens.
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